Objectives: To develop and evaluate two BMI-based instruments to determine perceptions of weight status, particularly perceptions of overweight and obesity, using pictorial images of women and men. Methods: Pictures of adults with known BMI values were used to construct gender-specific body size guides (BSGs) containing 10 bodies that ranged from underweight to class III obesity. Figures were standardized and a composite face was added to each. The BSGs were administered to 400 adults to assess the psychometric properties of the instruments and weight perceptions. Results: High correlations between the BMIs of respondents and the BMIs of the current body selected by respondents provided strong support for the criterion-related validity of the BSGs, and the logical pattern of responses to items assessing perception of weight categories supported construct validity for the scales. Test-retest reliability, assessed by correlations for both current and ideal body, was also high, despite the lengthy 6-month testing interval. Respondents' perceptions of the bodies within specific weight categories indicated that a majority failed to recognize the overweight female as overweight and perceived the overweight male as normal weight. Obese bodies were generally unrecognized as such until the bodies reached the higher levels of obesity (that is, BMI values 439). Perception of weight was influenced by the respondents' weight status and gender. Conclusions: Psychometric analyses indicated the BSGs are valid and reliable instruments. These results, coupled with the face validity of the scales and the relationship between the bodies and BMI values, indicate the BSGs offer advantages over existing instruments for researchers of weight perception and body image. Administration of the scales to an adult sample confirmed that overweight and obesity are under-recognized. Increased efforts to improve public understanding of these terms are needed and the BSGs may provide useful tools for this purpose.
Introduction
The prevalence of overweight and obesity is increasing dramatically in many countries around the globe. 1 In the United States, this increase has been labeled an 'epidemic' of significant public health concern due to the association between obesity and long-lasting health problems, increased disability and premature death. 2, 3 Unfortunately, the concepts of overweight and obesity, as defined by body mass index (BMI), are poorly understood by the general public. Multiple investigations have documented misperceptions of weight status by adults, [4] [5] [6] adolescents, 7 and parents of preschool through adolescent children. [8] [9] [10] Physicians also have been found to misperceive their own weight status and that of their patients, 11, 12 and to infrequently use BMI measurements in their practices. 13, 14 Although the US Surgeon General has issued a 'call to action,' and the lay press and professional literatures are replete with articles discussing the health risks associated with obesity, these warnings may miss their intended targets if affected individuals fail to recognize the personal relevance of the warnings or health-care providers fail to appropriately identify and counsel the overweight patients they treat. 15, 16 Assessing perceptions of the terms 'overweight' and 'obese' has been approached through a variety of methods. To assess personal weight perception, researchers characteristically ask individuals to identify themselves as 'underweight, overweight or about right'; [4] [5] [6] it is notable that the term obese has rarely been included among the descriptors available for selfassessment. This method of assigning weight-based descriptors to individuals has also been used to assess physician perception of patient weight. From this literature it appears, in general, that men show a greater likelihood of misperceiving their overweight status as normal than women, and that misperceiving overweight as normal occurs with greater frequency in the elderly, the less educated and those with limited incomes. 12, 17 Women physicians recognized the overweight status of their patients more readily than men, but physicians of both genders were less likely to recognize overweight status among patients who were male, considered themselves healthy, or reported being physically active. 12 These findings are helpful in the identification of groups that are more likely to underassess weight status and highlight some of the biases inherent in the assignment of emotionally valenced terms such as overweight and obesity, but they do not provide clear indications about the threshold for perception of different weight classifications. Alternatively, body image has been assessed via figurerating scales (FRS), which contain line drawings or silhouettes. The most widely used FRS was developed by Stunkard et al. 18 more than 20 years ago. FRS instruments typically obtain perceptions of body image through selection of figures that are identified as healthy, anorexic or obese, or obtain ratings of body satisfaction/dissatisfaction via selection of figures representing the raters' current ('real') versus preferred ('ideal') body. Following the FRS model provided by Stunkard, researchers have developed additional instruments for specific groups including children, 19 adolescents, 20 African Americans, 21 and obese individuals. 22 Although several of these instruments have been validated through correlations between scale values and measures of weight, none of these instruments contain figures with a precise relationship to BMI. Because overweight and obesity are defined by BMI, it is important to be able to link pictorial representations of these concepts to this index.
In an attempt to link BMI to figural stimuli, Stunkard and co-workers 23 collected self-reported height and weight, as well as current and preferred figure ratings from a large sample of adults. These data were used to generate a BMI value for each figure and to determine which figures corresponded to BMI-based definitions of thin and obese. This research represents a substantial advance for the widely used Stunkard FRS; however, as acknowledged by the authors, the study was limited by the use of self-reported height and weight to generate the BMI values for the figures and did not address participant perceptions of overweight and obesity. These perceptions were addressed using an innovative scale with six photographic silhouettes of individuals with known BMI, ranging from 20 to 38. 24 The authors reported that 99% of their sample of women correctly identified the obese silhouettes, but the majority (97%) also equated overweight with obesity. Unfortunately, this scale does not contain any silhouettes of underweight figures and its psychometric properties are unknown. The current study describes the development of pictorial, BMI-based body size guides (BSGs) for women and men. The development of simple, easy to use instruments that incorporate pictures of actual human bodies with known BMI values from underweight to obese could address some of the limitations associated with current measures, provide a clear, visual tool for health education and further our understanding of the perceptions of overweight and obesity.
Methods

BSG development
Adult women and men were recruited through fliers and advertisements in local media. Interested individuals completed a brief telephone screening to obtain information about height, weight and exercise patterns, and were scheduled to be photographed if their reported height/ weight and calculated BMI corresponded to preset criteria. Specifically, we selectively recruited individuals who did not engage in regular exercise and whose presumed BMI values were approximately 3 points apart; informal pilot testing had indicated that adults were able to discriminate between bodies with this degree of difference.
Women were photographed in black leotards and men were photographed in tank tops and gym shorts. Height and weight were obtained in this attire, without shoes and socks, using the Easy Glide Bearing Stadiometer (Perspective Enterprises, Portage, MI, USA) and the Seca model 882 digital scale. Using Photoshop software, images were standardized by adding a gender-matched composite face to each body and removing any unusual or distinguishing features (that is, tattoos, scars, or excessive body hair). The composite faces were created using facial elements (eyes, nose, hair and so on) from photographs of three or more volunteers. Separate collections of images were created of the women and the men. Each resulting BSG (BSG-W for women's images and BSG-M for men's images) contained 10 images of individual bodies that ranged from underweight (BMIo18.5) to class III obesity (BMIX40). A greater number of images depicting higher BMI values were included to provide maximum utility for obesity research. To assess the discriminability between bodies, the 10 individual photos for each scale were placed on separate sheets of paper. Eight graduate students and faculty members from a variety of disciplines sorted the pictures from smallest to largest with 100% accuracy, indicating there was a discernable difference between the bodies.
Questionnaire items were created to determine which bodies were perceived to be healthy, underweight, normal weight, overweight and obese. Additional items prompted respondents to identify the body most like theirs (current body) and the body they would most like to have (ideal body); Body size guides CV Harris et al these two items were completed only by respondents whose gender matched the bodies portrayed. Finally, items designed to assess social context prompted respondents to identify the bodies which looked most like the adults in their families, their adult friends and the adults in their communities.
Respondent sample and methods
Questionnaire respondents were 335 women and 65 men who completed the instruments as part of their participation in an obesity prevention trial (N ¼ 112), a structured exercise program (N ¼ 9), or a general survey of health beliefs (N ¼ 279). Respondents ranged in age from 19 to 77 years with a mean of 36.8 years (s.d. ¼ 10.9); 98% were white. The educational attainment of the respondents ranged from less than high school (29%) to college or graduate degree completion (42%). The BMI values of questionnaire respondents were calculated from the direct measurement of height and weight for individuals in the obesity trial and exercise program (N ¼ 121) and from self-reported height and weight for individuals in the survey study (N ¼ 279). These values are referred to as measured BMI and self-reported BMI, respectively, throughout the article. Respondents were classified as underweight (1%), normal weight (28%), overweight (26%), or obese (45%) based on their measured or self-reported BMI values using the standard cutoffs.
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research. This research was approved by the West Virginia University Institutional Review Board.
Statistical analyses
The analyses involving weight classification included only respondents who were normal weight, overweight, or obese by BMI due to the small number (N ¼ 4) of underweight respondents in our sample. Analyses were conducted with male and female respondents combined, unless noted. Differences in perceptions between genders and individuals in the various weight classifications were examined using 2 Â 3 analyses of variance (ANOVAs) with gender (female and male) and weight class (normal, overweight and obese) as the factors. Tukey's HSD tests were used for post hoc analyses. Analyses of items that allowed respondents to identify more than one body were conducted using both the smallest and largest body identified by each respondent.
Results
Psychometric properties
The construct validity for the instruments was determined by examining the patterns of responses to items that assessed perceptions of which bodies were healthy, underweight, 
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CV Harris et al normal weight, overweight and obese. Figures 1 and 2 provide the images used, the weight classifications and the weight perceptions of the bodies by a majority (450%) of respondents. As illustrated, respondents chose successively larger female and male bodies to correspond to the increasing weight classifications. Only the normal weight female bodies (B and C) were identified as healthy by a majority of respondents, while the larger of the two normal weight male bodies (C) and the overweight male (D) were identified as healthy for men. Only body A was identified as underweight for both genders. Although the bodies selected for each classification were generally similar across the instruments, as indicated in Figures 1 and 2 , larger male than female bodies were included within the normal and overweight classifications by a majority of respondents. Criterion-related validity was assessed through Pearson's product moment correlations between the BMI values of the respondents and the BMI values of the current bodies selected by respondents. Correlations between measured BMI and current body BMI were 0.94 for men and 0.86 for women (Po0.001); correlations between self-reported BMI and current body BMI were 0.86 for men and 0.88 for women (Po0.001).
Respondents' selections for current body are provided in Figure 3 . As illustrated, all bodies were selected by at least one respondent with the exception of one class II obesity body for men (G) and one class III obesity body for women (J).
Pearson's product moment correlations also were used to determine test-retest reliability in a subset of 84 respondents who completed the BSGs twice over a 6-month interval. Despite the lengthy interval, the BMI values of respondents' current body correlated 0.91 and ideal body correlated 0.77 (Po0.001).
Effects of weight group and gender on perceptions Perceptions of ideal body. Respondents identified a single, same gendered body they considered ideal. Although none of the bodies received a X50% endorsement, the smaller of the two normal weight bodies (body B) received the greatest endorsement by both genders (36.4% of men and 42.8% of women). Both gender and weight classification impacted the selection: females identified smaller ideal bodies than males (F(1,388) ¼ 12.22, Po0.0005), normal weight respondents chose smaller bodies than overweight and obese respondents, and overweight respondents chose smaller bodies than obese respondents (F(2,388) ¼ 32.74, Po0001). There was no significant gender-by-weight class interaction.
Family, friends and community. Examination of the effects of gender and weight class on the perceptions of weight in female family members and friends (BSG-W) revealed significant main effects for gender (family members Female respondents selected larger bodies to represent the adult women in their families and their women friends than did the male respondents, and obese respondents selected larger bodies than normal and overweight respondents. There was no significant interaction between gender and weight class, and these factors did not have an effect on the female community bodies selected. Responses regarding male family members, friends and community bodies revealed no main effects for gender or weight class, but a gender by weight class interaction was found for both family members (F(2,341) ¼ 9.10, P ¼ 0.0001) and friends (F(2,337) ¼ 4.51, P ¼ 0.01). In general, the differences between the obese and normal weight men were greater than the differences between obese and normal weight women in perceptions of their male family members and friends. Obese men, as a group, selected the largest bodies for these items and normal weight men selected the smallest bodies.
Perception of health and weight classification. BSG-W and BSG-M items that assessed perceptions of which bodies were healthy, underweight, normal weight, overweight and obese allowed multiple bodies to be selected. As shown in Table 1 , the ANOVAs conducted for BSG-W responses revealed significant main effects of weight class on perceptions of healthy, normal weight and overweight bodies and of gender on perception of obese bodies. There was no significant gender by weight interactions. Tukey's HSD analyses revealed that, in general, individuals in the higher weight groups selected larger bodies as healthy, normal and overweight than their lower weight peers. In addition, women selected larger bodies as obese than did men.
Analyses of BSG-M responses revealed a single main effect of weight class on the perception of healthy male bodies: obese respondents identified larger bodies as healthy than did normal weight respondents (F(2,345) ¼ 3.17; P ¼ 0.04); there was no effect of gender on perception of health.
Conclusions
This study provides strong support for the psychometric properties of these BMI-based pictorial instruments, indicating they provide reliable and valid information about perceptions of body weight. The high correlations between respondents' BMI values whether measured or self-reported, and the BMIs of the current bodies selected indicate respondents are able to identify bodies that are similar to theirs with a reasonable degree of accuracy. This was true for both genders. Moreover, the test-retest values obtained across a several months interval were comparable to, or greater than, those provided for both the Stunkard and more recently developed scales. 22, 25 In addition to strong psychometric properties, the current instruments have bodies with direct rather than inferred relationships to BMI and bodies representing all three classes of obesity. The BSGs satisfy the criteria offered by Stunkard 26 that additional scales are justified only to the extent that they demonstrate greater validity (that is, higher correlations between the scales and BMI values) than the original measure. This study also serves to highlight public misperception of the terms overweight and obesity and to extend the growing body of research on this important health issue. Although underweight and normal weight bodies were accurately identified by a majority of respondents, the overweight female body was not identified as such and the overweight male body was misidentified as normal. Moreover, obesity was only recognized at the higher levels in both female and male bodies.
Consistent with earlier investigations, this research demonstrated the effects of respondents' weight classification and gender on perceptions of weight and health and reaffirmed that individuals who are overweight or obese are less likely to recognize overweight/obesity than their normal weight peers and more likely to label overweight bodies as healthy. The replication of weight and gender effects on perceptions provides further support for the validity of the new measures.
There are several limitations to the current study, including the small sample size of men and the under-representation of racial and ethnic groups. A number of previous investigations have demonstrated racial and ethnic differences in body image and weight perception, indicating additional research with the BSG instruments will be needed. Modifications of the facial features and skin tone of the scales may be necessary to address issues of acceptability or validity with more diverse populations; these issues are presently being examined by our research team.
More difficult to address are potential concerns related to the relatively small number of bodies in the non-obese classifications in these BSGs. The number of non-obese bodies was a function of our use of a 3-point BMI differential to ensure discriminability between bodies, the limited BMI range defined for normal and overweight, and the naturally occurring absence of BMI values below 15 in the general population. The resulting restriction on the number of underweight, normal weight and overweight bodies may limit the applicability of the BSGs to eating disordered and underweight populations.
In summary, the BSGs are psychometrically sound, easy to use instruments to assess perceptions of weight and body image. Further research is needed to explore their utility in diverse populations and to assess their potential to improve recognition of overweight and obesity by the general public and medical providers.
